The species assigned to the genus Catillochroma are reassessed. The two characters used to characterize Catillochroma, exciple anatomy and thalline chemistry, are shown to be variable and contradictory with a number of intermediates. Consequently, Catillochroma is reduced to synonymy with Megalaria, and the species previously placed in Catillochroma transferred, or returned, to Megalaria. As such, the following new combinations are proposed: Megalaria anaglyptica, M. endochroma, M. intermiscens and M. leptocheila. The genus Lopezaria is also shown to be related to Megalaria and to be closely related to the type species of Catillochroma, C. endochroma, and so is also reduced to synonymy with Megalaria. A number of species found to have been misplaced in Catillaria are also transferred to Megalaria: M. leucochlora, M. melanopotamica, M. obludens, M. pannosa and M. phaeolomiza. Megalaria imshaugii is reduced to synonymy with M. obludens, Megalaria pannosa is reported for the first time from North America and Lopezaria isidiza is reported for the first time from outside Asia from Jamaica.
Introduction
The genus Megalaria Hafellner was erected for the single species M. grossa (Pers. ex Nyl.) Hafellner (Hafellner 1984) , but has subsequently been enlarged by the addition of numerous other, morphologically similar species (Schreiner & Hafellner 1992; Nimis 1993; Ekman & Tønsberg 1996; Fryday 2004a, b; Galloway 2004; Fryday 2007; Kalb 2007; Lendemer 2007; Kantvilas 2008) . Ekman & Tønsberg (1996) reviewed the genus and concluded that, although there were differences in ascus structure, and other minor differences, between M. grossa and the other species assigned to the genus, there was little to be gained from a monotypic Megalaria, and all the species should be retained in Megalaria pending a full morphological/ molecular revision. Ekman (2001) provided evidence based on molecular data that M. grossa and M. laureri (Hepp ex Th. Fr.) Hafellner form a monophyletic group, although with moderate bootstrap support (72%) and rather long branch length. In recent publications (Fryday 2004a (Fryday , 2007 Lendemer 2007; Lendemer & Knudsen 2008) we have supported Ekman & Tønsberg (1996) in arguing for a broad circumscription of Megalaria. Our support for this approach has been due, in large part, to the absence of a published phylogeny inferred from a dataset with broad taxon sampling within Megalaria s. lat.
Recently, the status quo of a large, broadly-circumscribed Megalaria was ended by the description of the genus Catillochroma Kalb (Kalb 2007) to accommodate Lecanora endochroma Fée and putative related species. Catillochroma endochroma is an unusual tropical lichen that had not previously been associated with Megalaria, but Kalb correctly included the new genus in the Megalariaceae, which is now included in the Ramalinaceae (Ekman 2001; Ekman et al. 2008) . Kalb (2007) distinguished Catillochroma from Megalaria on the basis of a bi-layered exciple and a thalline chemistry that included zeorin (see full discussion in Lendemer & Knudsen 2008) .The result of the description of Catillochroma was essentially a restriction in the circumscription of Megalaria s. lat., and, as such, several species having either of the two purported synapomorphies of Catillochroma were transferred there from Megalaria (Kalb 2007) .
During the course of preparing a revision of the isidiate and sorediate species of Megalaria s. lat. in the West Indies and adjacent mainland North America (J. C. Lendemer & A. M. Fryday, unpublished) and of the species of Megalaria s. lat. in southern South America (A. M. Fryday, unpublished) we examined material of many species that had not been reviewed since Hafellner erected Megalaria in 1984. When we started these studies we were content to place all of these species in Megalaria but after Catillochroma was described, we attempted to assign a given species to either that genus or to Megalaria. Our studies quickly revealed the existence of species whose combined character states contradicted the circumscription of Catillochroma proposed by Kalb (2007) : species with intermediate morphology and, in one case, a species that could not be assigned to a genus because of its aberrant chemistry (xanthones). We thus concluded that the present circumscriptions of the genera were untenable and that a more parsimonious solution was needed.
Materials and Methods
This study is based chiefly upon the ample collections of Megalaria s. lat. held in MSC and NY. The MSC specimens were gathered by Dr H. A. Imshaug and his co-workers during several expeditions to various austral regions in the 1960s and 1970s. The NY material represents the accumulated collections of more than a century of collecting expeditions to the West Indies and south-eastern North America. Relevant type material, and other critical specimens, were also borrowed from BM, CANL, FH, and H-Nyl. Observations of apothecial anatomy were undertaken using light microscopy on hand-cut sections, mounted in water, 10% KOH (K) or Lugol's iodine (IKI). Heavily pigmented apothecial sections were bleached with C and counterstained with Toluidine Blue, whereas sections with large oil inclusions were pre-treated with 100% ethanol before being transferred to water.
Chemical analyses using thin-layer chromatography follow standard methods (Orange et al. 2001) , mainly using solvents A and C, and comparison with a range of reliable reference specimens. Nomenclature of ascus types follows Hafellner (1984) . large intercellular spaces, contrasting it to that of Megalaria which he considered to be uniform and entirely prosoplectenchymatous. After examining material of C. endochroma and M. grossa we agree that the exciple of the type species of Catillochroma is distinctive and superficially markedly different to that of M. grossa. We disagree, however, with Kalb's interpretation of the exciple of M. grossa as being uniformly prosoplectenchymatous, and also with his conclusion that this difference is consistent across the species he assigned to each genus.
Pigmentation of the exciple of many species of Megalaria (including M. grossa) often makes the anatomy difficult to discern, and elucidation of the excipular structure is further hindered by the presence of minute crystals and/or large oil inclusions in many species. Lack of pigmentation in the outer exciple of C. endochroma and some other species is also responsible for the appearance of the apothecia (a dark disc surrounded by a yellow or orange margin; Fig. 1A ), which, although superficially distinct from typical members of Megalaria (Fig. 1B) , is of taxonomic consequence only at the species level. Even at this level, variation in the appearance of the apothecia within a single thallus can be large ( Fig. 1 C & D) . We also noted that the exciple of M. grossa is further distinguished by the presence of an inner dark-pigmented band adjacent to the proper exciple that is best interpreted as an extension of the hypothecium ( Fig. 2A) , although even this is also often discernable in other species of the genus (e.g., M. granulosa, Fig. 2B ; M. beechingii, Fig. 2C ).
Kalb's diagnosis of Catillochroma states "similis generis Megalaria, sed excipulo dimidiato, parte exteriore prosoplectenchymatica, parte interiore textura laxe intricata". After bleaching with C, the exciple of M. grossa was revealed to be bi-layered, consisting of an outer prosplectenchymatic layer and an inner layer of dense textura intricata, as has already been described and illustrated in detail by Galløe (1929; Fig. 3 herein) .
Recognizing that the exciples of C. endochroma and M. grossa are both bi-layered eliminates the primary character separating the two genera and leaves the spacing of the hyphae in the layer of textura intricata (loose in Catillochroma, dense in Megalaria) as the only remaining distinguishing morphological character.
During our studies of West Indian and austral Megalaria s. lat. we discovered examples of taxa whose exciple anatomy was intermediate between the morphological extremes of the type species of Catillochroma and Megalaria. In these taxa (e.g., M. beechingii Lendemer) the development of the layer of textura intricata and the spacing of the hyphae were variable amongst apothecia from the same thallus. The discovery of taxa whose morphology could not be easily accommodated in either exciple type defined by Kalb (2007) clearly indicates that the differences in the textura intricata found in the type species of Catillochroma and Megalaria represent extremes of a continuum of morphological variation.
The fact that exciple type and development of textura intricata cannot alone be used to distinguish these two genera is perhaps best illustrated by M. granulosa Kalb and C. pulverea (Borrer) Kalb. The degree of development of textura intricata in both taxa is intermediate between Catillochroma and Megalaria and yet they were placed in separate genera. Kalb gave no explanation as to why he placed these species in different genera but, given the similarity of their exciple structure, we can only surmise that it was based on thalline chemistry, which Kalb (2007) used as a secondary, supporting character for his new genus, and which is discussed in detail below.
The excipular anatomy of the species assigned to Megalaria is, in fact, far more diverse than acknowledged by Kalb (2007) . As described previously (Fryday 2004b) , the exciple of many species from the southern hemisphere (e.g., M. obludens (Nyl.) Fryday & Lendemer [syn. M. imshaugii Fryday] , M. melanotropa), have an exciple consisting of thin, radiating hyphae with a thick gelatinous coat up to 15 m thick, and this exciple type is also present in several tropical and northern temperate species (e.g., M. beechingii; Fig  4A) . A distinctly different exciple structure is 4B ) reminiscent of that found in, for example, Cliostomum Fr. This species should almost certainly be removed to a separate genus but we do not do so because we have not seen type material, which is currently unavailable, only the specimens determined as this species by Imshaug. We do, however, think it appropriate to combine the epithet into Megalaria (see below), so that it is at least in the correct family.
Thalline chemistry
The second character used by Kalb (2007) to distinguish Catillochroma from Megalaria F. 3. Megalaria grossa, exciple anatomy; a= hypothecium, b= inner layer of textura intricata, c= outer layer of prosoplectenchyma. Right, illustrations reproduced from Galløe (1929) . Left, light micrographs (note the dense inspersion of the inner exciple "b" in the upper image; Buck 47119, scales = 20 m).
was thalline chemistry. Recognizing that C. endochroma produces zeorin in addition to atranorin, and that zeorin was also present in several other species with comparable excipular anatomy [e.g., C. anaglyptica (Kremp.) Kalb, C. leptocheilia (Tuck.) Kalb], Kalb clearly concluded that the presence of zeorin was a chemical character that correlated with exciple type and could be used to determine the generic placement of a species. The result was that all species of Megalaria s. lat. with zeorin were transferred to Catillochroma while all species lacking zeorin were retained in Megalaria. This is illustrated by his decision to transfer Megalaria albocincta (Degel.) Tønsberg to Catillochroma with the note that from the description of Ekman & Tønsberg (1996) "it became obvious that it belongs in Catillochroma". In fact Ekman & Tønsberg (1996) made no mention of the exciple structure of this species and stated only that the thallus contains zeorin. Unfortunately using the presence/absence of zeorin as a secondary character to circumscribe Catillochroma and Megalaria resulted in an artificial taxonomy where species with comparable exciple types were placed in separate genera (see above). The fallacy of this approach is further illustrated by comparing the exciples of M. granulosa (Fig. 2B ), which has a thallus lacking zeorin, and M. beechingii (Fig. 2C) , which has a thallus containing zeorin. The exciple of M. granulosa is composed of lax textura intricata suggesting a placement in Catillochroma but Kalb (2007) retained it in Megalaria because the thallus lacked zeorin. Conversely, the exciple of M. beechingii is composed of compact tissue, suggesting it belongs in Megalaria, whereas the presence of zeorin in the thallus suggests it should be transferred to Catillochroma. Using presence/absence of a single substance as a genus level character also does not take into account the potential existence of species with entirely different chemistries; for example, xanthones. While no such species of Megalaria was known at the time Catillochroma was described, we discovered such a species, Catillaria pannosa Zahlbr., while preparing a revision of West Indian Megalaria. It is worth noting that in the related genus Tasmidella Kantvilas, Hafellner & Elix (Kantvilas et al. 1999) , T. variabilis var. inactiva Kantvilas et al. was separated from the typical variety solely by the presence of xanthones in place of atranorin.
Other significant characters

Ascus structure
The ascus structure within Megalaria ranges from Lecanora-type in the type species (M. grossa; Fig. 5A ) to Bacidia/Biatora type in the other species (Fig. 5B) . Kalb (2007) did not include a discussion of ascus structure in his protologue of Catillochroma but our investigations show that there is significant variation in this character within the species he transferred to the genus. The asci of the type species, C. endochroma, and its close relatives lack a masse-axiale (Fig. 5C ) whereas other species have the Bacidia/Biatora type ascus typical of the rest of Megalaria (except M. grossa). This supports recognizing the endochroma-group as distinct from Megalaria, an approach with which we have no argument, but it also clearly shows that the other species should not be included with it and are best retained in Megalaria. Since Kalb and Hafellner (Kalb 1990 ) separated Lopezaria from Megalaria by the ascus lacking a masse-axiale, there is clearly some similarity between the endochroma-group and Lopezaria. However, we prefer, at this stage, to retain all the species in Megalaria rather than transferring the endochroma-group to Lopezaria for reasons explained in more detail below.
Conidia
Pycnidia are generally rare in Megalaria and related genera. Ekman & Tønsberg (1996) stated that they were known from only two species; conidia having been reported as ellipsoid to oblong, 3-4 × 1·5-3 m in M. grossa by Coppins (1992) Kantvilas et al. (1999) described the conidia of the new genus Tasmidella as bacilliform to filiform 12-14 × 1 m. In the present study, conidia were observed in only two species; M. melanotropa, in which they were rare and resembled those of M. grossa (ellipsoid/ oblong, 4-6 × 1·5-2·5 m), and M. leucochlora, in which they were frequent and ± globose (2-3 m).
This diversity of conidial types, which do not appear to correspond with any of the other characters discussed here, emphasizes the complexity of defining genera within Megalaria s. lat. and is further supporting evidence for retaining all the species in a widely circumscribed Megalaria pending a full systematic study. However, the frequency and unique shape of the conidia in M. leucochlora re-affirms the peripheral position of that species in the genus suggested by its exciple anatomy (see above).
Lopezaria Kalb & Hafellner
The genus Lopezaria was introduced by Kalb & Hafellner (Kalb 1990) for Lopezaria versicolor, a tropical species that was previously included in Megalospora Meyen by Zahlbruckner (Engler & Prantl 1907) and transferred to Catinaria Vain. by Sipman (1983) . The placement of this species in Catinaria by Sipman indicates that he considered it to be congeneric with M. grossa, which was also accommodated in Catinaria at that time (Sipman 1983) .
Investigation of L. versicolor showed that it was clearly related to Megalaria, a position supported by molecular evidence that placed it in the Ramalinaceae (Miądlikowska et al. 2006) . In addition, as noted by Sipman (1983) , it had a two-layered exciple with a medulla of loose textura intricata; that is, an exciple similar to that of C. endochroma. Sipman (1983) also noted that the thallus contained "zeorin and atranorin, usually in small amounts", which would be consistent with Catillochroma. However, we studied 12 collections of L. versicolor from MSC with TLC and found only atranorin. Kalb & Hafellner (1990) distinguished Lopezaria from Megalaria by it having an ascus with an amyloid tholus lacking a masse-axiale (Fig. 5D ) but, as discussed above, investigation of the ascus of C. endochroma showed that this species had an identical ascus structure (Fig. 5C ). Therefore Lopezaria differs from Catillochroma in only two characters; the absence of zeorin in the thallus, which has been shown above not to be a consistent character at the genus level, and the larger ascospores (40-50 × 15-25 m), which are not significantly larger than those of M. grossa (20-30 × 10-15 m) or M. macrospora (28-36 × 14-17 m), and are the same length as those of M. allantoidea (Fryday 2007) . Some of the ascospores of L. versicolor also have the "small indentation from the spore lumina into the spore septum" as illustrated by Hafellner (1984) and mentioned by Ekman & Tonsberg (1996) as characteristic of some species of Megalaria s. lat. Consequently, we consider that, if the endochroma group is recognized as distinct from Megalaria, it should be included in Lopezaria.
The only other species referred to Lopezaria, L. isidiza (Makhija & Nagarkar) Aptroot & Sipman, is, according to Sipman (1983) , similar to L. versicolor, but differs in being isidiate, having an excipular medulla composed of compact tissue and lacking any lichen substances in its thallus. The type specimen of L. isidiza was not available for this study, but Sipman's description is confirmed by an isidiate collection from Jamaica that has similar ascospores to those of L. versicolor and an excipular medulla of compact tissue. Consequently, although the type species of Catillochroma (C. endochroma) is apparently more closely related to the type species of Lopezaria (L. versicolor) than to the type species of Megalaria (M. grossa), we prefer not to transfer the endochroma-group to Lopezaria, because this would leave L. isidiza, which is clearly closely related to L. versicolor, in an isolated position.
Conclusions
Considering the above, and lacking molecular evidence to the contrary, it seems clear that the present distinction between Megalaria and Catillochroma cannot be maintained. The current circumscription of these genera has resulted in a highly artificial taxonomy where morphologically similar species have been placed in separate genera on the basis of perceived differences in exciple type that, in fact, form a continuum, and minor differences in thalline chemistry that do not correlate with the supposedly different exciple types. We believe that, as discussed by Ekman & Tønsberg (1996) and shown by Ekman (2001) , Megalaria s. lat. is a monophyletic group, and thus is an acceptable taxonomic unit at the genus level. However, as we have shown, the species currently included in Catillochroma do not form a monophyletic group and that by removing these species from Megalaria that genus is also rendered paraphyletic.
One solution to this problem, as outlined by Lendemer & Knudsen (2008) , would be to restrict Catillochroma to its type species and its close relatives, retaining the rest of the species in a broadly circumscribed Megalaria. However, while accepting that the C. endochroma group may be monophyletic, we consider that they are best retained within Megalaria because the synapomorphies characterizing the genus, at least as defined by Kalb, are part of a continuum within Megalaria and that removing them from Megalaria is, at best, premature because this would most likely render Megalaria paraphyletic. We also believe that this group is most closely related to Lopezaria, but prefer not to include it in this genus because of uncertain generic limits within Megalaria s. lat. that can only be resolved by a full molecular/morphological/ chemical investigation.
Another solution could be to restrict Megalaria to its type species, and transfer the remainder of the species to Catillochroma. However, this solution has already been strongly rejected by Ekman & Tønsberg (1996) , with whom we agree, and this position is reinforced by the arguments presented above, which show that the exciples of the type species of both genera are bi-layered and that they differ from one another only in the degree of the development of a layer of textura intricata. It would also result in the creation of numerous, probably superfluous taxonomic novelties because we are convinced that some of the species that would be transferred to Catillochroma are more closely related to the type species of Megalaria than to the type species of Catillochroma.
Given this, it seems that the only solution that would result in a morphologically discrete generic circumscription would be the continued recognition of a broadly defined Megalaria that includes the species currently placed in Catillochroma and Lopezaria. Therefore we propose the transfer of all species of Catillochroma and Lopezaria to Megalaria, including the type species C. endochroma and L. versicolor, and thus place these two genera into synonymy with the latter.
Transfer of Catillochroma species to Megalaria
Megalaria albocincta (Degel.) Tønsberg Sipman, Biblioth. Lichenol. 18: 172 (1983) .-Lopezaria versicolor (Flot.) Kalb & Hafellner, in Kalb, Lichenes Neotropici, shaped ascospores and other anatomical details, it is most probably a species of Coenogonium, and from the orange-red colour of the apothecia it may be an earlier name for Coenogonium rubrofusca (Vězda & Malcolm) Malcolm.
